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route (Knight, 1955, p. 10-17) . The first geologic map of the area (Marcou, 1853) showed the Sweetwater River valley to be underlain by Tertiary rocks. Hayden (1861, p. 229-245) described these rocks as "White River Tertiary deposits," and showed them on the geologic map accompanying the report for 1859-60 (Hayden, 1869) .
In 1870 Hayden (1872, p. 29-35) found the first vertebrate fossils in the Split Rock area (fig. 3, loc. 17) , and called the rocks Pliocene (Leidy, 1870, p. 109-110; 1873, p. 98) . Endlicli (1879, p. 110-113) likewise called this sequence Pliocene, and commented:
Although interesting to the paleontologist, and in some of its features to the geologist, this series nevertheless is a great aggravation. Its great horizontal extent obscures many regions of the utmost interest as regards stratigraphy, consequently a large portion of the structure of the country adjoining the Sweetwater can be established merely by insufficient data.
These sentiments have been repeated many times by geologists in subsequent years, particularly between 1945 and 1959, when oil companies spent several million dollars on geophysical surveys along the Sweetwater Eiver valley and on 135 dry holes drilled through or into Tertiary rocks of this area.
W. C. Knight (1900, p. 229-230) described the Tertiary rocks of the Sweetwater River valley as Miocene and discussed their relation to the Granite Mountains. Granger (1910, p. 237-241) described the basal beds of Miocene age along the northwest margin of outcrop ( fig. 2 ) and called them part of the White Eiver formation of Oligocene age. This usage was followed by Bauer (1934) . Campbell and others (1925) likewise designated all the rocks along the Sweetwater River valley as White River^ialthough some Pliocene and Miocene rocks, undivided, were shown at the south end of the Wind River Mountains. The strata in the vicinity of Split Rock were called Miocene by Thorpe (1937) , Love (1939, p. 112 ), Schultz and Falkenbach (1940) , Van Houten (1950 , 1954 , and Van Houten and Weitz (1956) . They have been called Browns Park formation by McGrew (1951, p. 56) and Pipiringos (1955, p. 103) . Both Miocene and younger rocks were recognized by the writer in 1952, and on that basis the geologic map of Wyoming by Love and others (1955) shows Pliocene and Miocene rocks in part of the Split Rock area and Miocene rocks elsewhere along the Sweetwater River valley.
The present study is based on field and laboratory work carried on for a few days to a few weeks each year for 14 years. The work included surface mapping, measuring and sampling of many surface sections, microscope study of about 65,000 feet of drill cuttings, and examination of electric logs from 135 wells. Heavy-mineral sepaates, thin sections, size analyses, specific-gravity determinations, and spectrographic, rapid rock, uranium, and other analyses were made of surface and subsurface samples. Water from 24 springs and wells in this region was analyzed for uranium by the Geological Survey.
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This study has been made possible by the cooperation, encouragement, assistance, criticism, and contribution of data by many people during a period of 14 years. The writer acknowledges with thanks A new name, Split Eock formation, is here used for a thick and widespread succession of light-gray to tan poorly cemented quartz sandstone with lesser amounts of conglomerate, claystone, limestone, tuff, and pumicite of Miocene age that unconformably overlies Oligocene and older rocks and is unconformably overlain by Pliocene rocks. The formation derives its name from Split Eock ( fig. 2 ; sec. 18, T. 29 N., E. 89 W., Natrona County, Wyo.), a cloven granite peak in the Granite Mountains. This peak is in the central part of the outcrop area and has been a well-known landmark from the time the first explorers entered the region.
The new name is assigned to these rocks after consideration of the applicability of existing names used in adjacent regions. Difficulty McGrew, oral communication, 1960) . Therefore, it is inadvisable to extend the Nebraska terminology 75 to 100 miles still farther west into central Wyoming.
The name Browns Park has been applied to strata of Miocene age in the Split Eock area by McGrew (1951, p. 56) and Pipiringos (1955, p. 103) . McGrew (1951, p. 56) and Carey (1955, p. 47-49) Approximately 85 miles south-southeast of Split Eock, in the Saratoga area ( fig. 1 , loc. C), both middle and upper Miocene rocks are known (McGrew, 1951, p. 54-57; 1953, p. 61-64; Montagne, 1954 Montagne, , p. 1384 . These rocks correlate with part of the Browns Park formation of the Maybell area, of northwestern Colorado, with part of the North Park formation of central-northern Colorado (Montagne and Barnes, 1957, p. 55-60) , and with at least the upper part of the Split Eock formation in central Wyoming.
No single complete section typical of the Split Eock formation as a whole is exposed. This is because the formation has gentle dips and the strata readily weather to a rolling surface of low relief. The description that follows is based on more than 20 surface sections supplemented by studies of electric logs, radioactivity logs, and cuttings from drill holes. Two surface sections, both at well-known fossil localities, are presented. The most abundant fossils and greatest density of subsurface information are in the area southeast, south, and southwest of Split Eock ( fig. 2; fig. 3 , Iocs. 14-17 and 20).
DISTRIBUTION AND THICKNESS
The Split Eock formation crops out in an area of more than 1,500 square miles in central Wyoming ( fig. 2 ). Erosion remnants are present for an additional 50 miles to the east, as far as the northern part of Albany County, Wyo. (fig. 1) . A remnant is also present in a syncline south of the Continental fault system ( fig. 2) fig. 1, loc. E) .
The thickest known subsurface section of the Split Rock formation is 2,732 feet, in the Sinclair Oil and Gas Co., Arkansas Creek No. 1 dry hole in the NW^NW^NE^ sec. 4, T. 27 N., R. 86 W., Carbon County, Wyo. (fig. 3 , loc. 10). Eleven other wells have penetrated more than 1,500 feet of the formation. It is probable that in the southeastern part of the area shown on figure 2 the thickness exceeds 3,000 feet. Inasmuch as Pliocene rocks overlie the Split Rock formation in a relatively small area (50 square miles), and elsewhere the upper part of the formation has been eroded away, there is no way of determining the original maximum thickness and volume of Miocene sedimentary rocks. A rough computation, based on surface, subsurface, and geophysical studies, indicates that the volume of Miocene rocks still present within the area of figure 2 is more than 250 cubic miles, of which perhaps 200 cubic miles is sandstone.
LITHOLOGY
The Split Rock formation can be subdivided into four lithologic sequences ( fig. 4 ) in the central and western parts of the area shown on figure 2, where drill cuttings, electric logs, and radioactivity logs are relatively numerous. These sequences are, from oldest to youngest, a lower porous sandstone, a clayey sandstone, a silty sandstone, and an upper porous sandstone as summarized in table 1. Figure 4 shows their electric-log characteristics. More detailed study will be necessary to determine the areal extent of these sequences.
LOWER POROUS SANDSTONE SKQTJENCE
The lower porous sandstone sequence is the coarsest grained and most widespread of the four subdivisions. Rocks described by Van Houten (1954) as Miocene (?) and by Van Houten and Weitz (1956) as Miocene, are part of this sequence, as are the Miocene rocks described by E. I. Rich (written communication, 1959) along the southeast margin of the Wind River Basin ( fig. 2; fig. 3, loc. 3).
The lower porous sandstone sequence ranges in thickness from about 500 feet near the north margin of outcrop ( fig. 2 ) to a featheredge in the south-central part, Much of the change in thickness is the result of deposition on a surface of high relief cut in Precambrian rocks of the Granite Mountains. Subsurface control in the southeast part of the outcrop area is inadequate but at least 300 feet of the sequence may be present. In the western part of the area, the thickness ranges from 100 to more than 400 feet. Outcrops along the north margin of this sequence are characterized by cliffs and steep slopes of conglomerate and sandstone. Roundstones are chiefly pebbles, cobbles, and boulders of granite and basic igneous and metamorphic rocks of Precambrian age. The matrix is gray coarse-grained poorly cemented sandstone. Many beds of gray medium-to coarse-grained sandstone with highly rounded grains are interbedded with conglomerate. In the northern and eastern parts of the area, the conglomerate beds are thickest and coarsest; they are nearly 400 feet thick in some places, although they average about 100 feet.
A hard gray arkosic conglomerate and sandstone, as much as 50 feet thick and 300 to 400 feet above the base of the lower porous sandstone sequence, forms broad dip slopes south of the west end of the North Granite Mountains fault system and adjacent to the Gas Hills uranium area ( fig. 2 ). This sandstone and conglomerate contains agates 1 to 4 inches in diameter with black manganese dendrites. These ag- ates are radioactive, fluoresce brilliant yellow, and many contain an unidentified yellow uranium mineral. They were formed in cavities after the conglomerate was deposited but apparently before deposition of the youngest sequence in the Split Rock formation. The origin of these agates and their contained uranium are discussed further in connection with the youngest sequence.
Intertonguing with, and overlying, the conglomeratic part, of the lower porous sandstone sequence, is massive to thick-bedded or crossbedded gray medium-to coarse-grained sandstone. This sandstone is characterized by abundant colorless frosted rounded coarse quartz grains, some with a red hematite coating, and abundant tiny (about 0.1 mm) round black magnetite grains similar to those described by Skolnick (1959) as "Miocene meteoric dust." Rounded well-sorted red hematite-coated quartz grains (0.25 to 0.5 mm) are so abundant in some wells in the western part of the area shown on figure 2 that the sandstone is dull pink. In these localities the sandstone has little fine-grained matrix or cementing material and resembles dune sand.
Glass shards, rounded grains of several varieties of pyroxene, angular grains of unaltered plagioclase, and slightly abraded quartz bipyramids are common and in places abundant in both the sandstone and conglomerate. Pumicite beds are present but not common in this sequence (Stokes and Varnes, 1955, p. 116 , defined pumicite as a pumice that "has been blown to bits by the force of volcanic explosion so that the cells are broken"). Thin limestone beds are fairly common near the northern margin of the area of outcrop and are comparatively rare elsewhere. Van Houten (1954) reports that the sandstone contains abundant grains of magnetite and augite and moderate amounts of hypersthene and green-brown hornblende. Sandstone in the underlying White River formation of Oligocene age contains abundant green-brown hornblende and lesser amounts of magnetite, augite, and hypersthene.
The lower porous sandstone sequence has yielded one vertebrate fossil, a complete skull of Merycoides cursor ( The clayey sandstone sequence is 100 to 300 feet thick, very soft, consists almost entirely of clayey gray sandstone, and is readily recognizable in most electric logs ( fig. 4) . It is not as easy to distinguish from overlying and underlying sandstone units in drill cuttings because the clay washes out and only sandstone remains. The sandstone is fine to medium grained and contains many frosted rounded quartz grains, hematite-coated quartz, and some slightly abraded quartz bipyramids. Gray to tan siltstone is common, and glass shards are numerous in all rock types.
The eastern extent of the clayey sandstone sequence has not been determined. Bentonitic gray and pink claystone beds are present near the northeast margin of the area of outcrop about 300 feet above the base of the Split Eock formation ( fig. 3, loc. 2). They overlie the conglomerate and sandstone of the lower porous sandstone sequence. These claystone beds apparently occupy the stratigraphic position of the clayey sandstone sequence and may be a lateral equivalent.
The.contact between the clayey sandstone and underlying lower porous sandstone sequence is at the lithologic change from coarsegrained conglomeratic sandstone below to silty and clayey fine-grained sandstone above. In the south-central part of the area, where the underlying lower porous sandstone sequence wedges out against Precambrian granite knobs or against topographic highs in pre-Miocene formations, the clayey sandstone sequence is the basal unit of the Split Rock formation.
No fossils have been found in the clayey sandstone sequence. The sequence is underlain by lower Miocene rocks and overlain by middle Miocene rocks.
SILTY SANDSTONE SEQUENCE
The silty sandstone sequence consists of fine-to coarse-grained light-gray sandstone which is sparsely pebbly in some areas. Tuffaceous beds are present, and glass shards are abundant in all rock types. Tiny (0.1 mm) rounded black magnetite grains, frosted rounded colorless quartz grains, and red hematite-coated quartz grains (0.25 to 0.5 mm) are abundant. Limestone is sparse.
This sequence is present in all the thicker subsurface sections in the southern and southwestern parts of the area shown in figure 2, but its extent in the northern and eastern parts of the area is not known. It is commonly 300 to 600 feet thick in the southern and western parts where it has not been truncated by post-Miocene erosion.
The base of the sequence is rather indefinite and probably gradational. There is a gross lithologic change, however, from clayey sandstone below to silty, and in many places pebbly, sandstone above.
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J. G. Stephens (written communication, 1959) fig. 3 , loc. 6; table 1). These fossils were collected from buff to white fine-grained sandstone interbedded with tuff and pumicite that may be part of the silty sandstone sequence. The fossils are considered to be of early middle Miocene age.
UPPER POROUS SANDSTONE SEQUENCE
The upper porous sandstone sequence (table 1) is the thickest of the subdivisions, being as much as 1,000 feet thick in the western part of the area shown on figure 2 and, if tentative correlations are correct, 1,700 feet thick.in the southeastern part. This sequence forms most of the outcrops in the deepest part of the post-Miocene Split Rock syncline between the Sweetwater River and the South Granite Mountains fault system ( fig. 2) .
A conglomerate and sandstone unit less than 100 feet thick, which is considered to be the basal bed of the upper porous sandstone sequence, forms broad dip slopes in the north-central part of the outcrop area of the Split Rock formation. No subsurface sections are available here, but data from isopach maps suggest that the conglomerate is about 900 feet above the base of the formation. This conglomerate contains the "SwTeetwater moss agates" that were described by Endlich (1879, p. 113) . These agates are subrounded, frosted, and commonly less than 1 inch in diameter. They were apparently shaped by streams and wind before deposition as pebbles in the conglomerate. Most are translucent gray with black manganese dendrites, but some are red or brown. They are moderately radioactive (those analyzed contain about 0.01 percent uranium) and many fluoresce a brilliant yellow. In spite of having been collected by lapidaries for the last 100 years, they are still abundant.
These agates, aside from being extensively abraded, are identical to those previously described in the lower porous sandstone sequence. If the older sequence was the source of the agates, the lower part of the Split Rock formation was eroded somewhere to the north or northwest of the area shown on figure 2. Further, the uranium and silica were probably emplaced in the lowTer porous sandstone sequence during some part of early or middle Miocene time; sub-sequently, the agates were exposed, transported, abraded, and then redeposited in the upper porous sandstone sequence. The abundance of agates requires a prolific source, and no other is known.
Medium-to coarse-grained, gray to buff, massive to coarsely crossbedded sandtone is the dominant lithology in the upper porous sandstone sequence ( fig. 5A ). The sandstone beds resemble most of those in the underlying part of the Split Rock formation in that they contain abundant rounded frosted gray quartz grains, red hematitestained quartzt grains, and abundant tiny (0.1 mm) black round magnetite grains. Limestone beds, some of which persist for several miles, are common. Algal reefs, in places 10 to 20 feet thick, are present at several localities. Green to white soft waxy claystone is common in the upper part of the sequence. In the southeastern part of the area one bentonitic white tuffaceous claystone sequence is nearly 300 feet thick. More detailed study may indicate that this is a separate sequence younger than the upper porous sandstone.
Remarkably pure bluish-white pumicite beds are present in the upper porous sandstone sequence (see unit 20 of section at "Devils Gate fossil locality" and table 3). The glass shards, which are the major constituent, are curved or rectangular; some are pink and others are colorless. Sandstone beds in this sequence contain plagioclase (predominantly calcic andesine and sodic labradorite), sanidine, red-brown hornblende, red-brown biotite, and monoclinic pyroxenes.
Sieve analyses of 17 random sandstone samples show that 75 percent of the sandstone is in the size range 0.050 to 0.35 mm and is distributed as shown below. Specific gravity of the sandstone averages 1.90. The base of the upper porous sandstone sequence is moderately well defined at most places in drill cuttings, electric logs ( fig. 4) , and outcrops. The contact is marked by a change from gray silty sandstone below to coarser grained, more porous, conglomeratic, and more limy sandstone above. This change may mark an erosional unconformity if the interpretation regarding the source of uraniferous agates is correct. The top of the upper porous sandstone sequence is the present erosion surface except where the sequence is overlapped by Pliocene rocks in the central part of the area and, perhaps, by a clayey sequence of uncertain correlation in the southeastern part. fig. 5JL ). This is apparently the place where Hay den (1872, p. 32) collected vertebrate fossils described by Leidy (1870, p. 109-110; 1873, p. 198) . Fossils were subsequently collected and described by many vertebrate paleontologists (Schultz and Falkenbach, 1940, p. 250; McGrew, 1951, p. 56; Black and Wood, 1956, p. 672-684; and Black, 1958, p. 1-7 The writer collected teeth identified by M. J. Hough (written communication, 1953) as Poamys cf. P. rivicola from an anthill at the base of exposures in the SW%NW^4NE^4 sec. 31, T. 29 N., R. 89 W., about 2 miles due south of Split Rock (fig. 3, loc. 16 ). Schultz and Falkenbach (1940, p. 250) described another vertebrate-fossil locality "about 11 miles west of Devil's Gate, Natrona County, Wyoming." The fossils occur in a limy sandstone in the SE14NW14 sec. 36, T. 29 N., R. 89 W. (See unit 34 of measured section at "Devils Gate fossil locality".) This bed is believed to be at least 200 feet stratigraphically higher than beds containing the "Split Rock local fauna." Sclmltz and Falkenbach (1940, p. 250) The Split Rock diatom assemblage contains only one extinct species, Navicula sp. A which has a known geologic range of late middle Miocene to middle Pliocene. All of the others are still represented in living assemblages elsewhere; however, nearly half have known geologic ranges from middle Miocene to Recent. Finding them in these middle Miocene rocks means that the geologic ranges of all of them should be extended to middle Miocene time, but gives no independent check on the age of this formation.
The diatoms are dominantly fresh-water forms with a few that also live in saline lakes and marshes. No pelagic species are present, suggesting shallow lacustrine or flood-plain conditions during deposition. The most abundant species present, Rhopalodia gibberula, frequently, but not always, now lives in hot springs which at least hints at the possibility of hot spring activity somewhere in the basin of deposition or in streams contributing water to it. The case for hot spring activity would have been strengthened by finding species more definitely preferring such habitat. claystone, shale, and siltstone in the Moonstone formation. Sample is from a very fine grained pale-pink claystone lamina in a white shale sequence overlying the dark-gray tuff marker bed. Thus, the horizon is slightly higher in the Moonstone formation than loc 4695 and 4709, but the precise amount is not known because the marker bed is not exposed in this locality. 4718. NWJ4 SEH NWJ4 sec. 36, T. 29 N., R. 89 W., Natrona County, Wyo. (fig. 3, loc. 15 ). Fossils are in the upper part of the upper porous sandstone sequence in the Split Rock formation at its type locality, about 2,000 ft above the base. They are in unit 31 of the "Devils Gate fossil locality" measured section, in a pale-green waxy claystone about 4 ft below a vertebrate-fossil horizon.
Thirty-six feet below the diatom, horizon is a white hard sparkly irregularly bedded pumiceous limestone (see unit 21 of measured section at "Devils Gate fossil locality") from which E. B. Leopold (written communication, 1958) identified the following pollen (USGS Paleobotany Loc. D1309) : Artemisia, (frequent), Ephedra cf. E. nevadensis, Ulmus-Zelkova, a few grains of Sarcobatus, Pinus, cf. Juniperus, and unidentified Compositae and Chenopodiaceae. Concerning this assemblage, Leopold comments that it represents the earliest regional pollen record of the genus Artemisia^ and that the environment suggested by the assemblage is that of the sagebrushgrease wood-pine community that now grows in somewhat arid areas at relatively low altitudes.
ANALYTICAL DATA
A chemical analysis was made of a sample from one of the thickest (10 feet) and purest pumicite beds in the upper part of the upper porous sandstone sequence. (See unit 20 of measured section at "Devils Gate fossil locality" and table 3, lab. No. 143218.) Table 3 shows a comparison of this rock with pumicite and tuff of known Miocene age in other parts of Wyoming and Nebraska.
Twenty water samples from springs and wells in the Split Rock formation were analyzed for uranium. Their average uranium content is 9.2 parts per billion and their average pH is 7.4. Not included in these averages are analyses from four wells located on the flood plain of Crooks Creek, downstream (north) from the Crooks Gap uranium area ( fig. 2 ). These contain 6, 39, 44, and 50 parts per billion uranium, respectively.
The Ca/Mg molal ratios for samples from 3 limestone beds in the upper part of the upper porous sandstone sequence in the SEi^NW1^ sec. 25, T. 29 N., R. 89 W., 5 miles east-southeast of Split Rock ( fig.  3 , loc. 14), are 6.02, 15.68, and 22.25. This contrasts markedly with a much lower magnesium content of many other limestone units of Tertiary age (N. M. Denson, oral communication, 1959) .
Several "soda lakes" occupy wind-scooped depressions in the upper part of the upper porous sandstone sequence both northwest and east of Split Rock ( fig. 3 , Iocs. 8, 9, 11). The composition of the evaporite varies somewhat from one "lake" to another but all samples that have been analyzed contain Na2SO4, NaCl, and Na2CO3, with lesser amounts of NaHCO3 . The thickness of the salts is reported to range from a feather edge to 20 feet (Osterwald and Osterwald, 1952, p. 135-137) . The writer believes these salts were leached in part, at least, from the Split Rock formation during Quaternary time.
STRATIGRAPHIC AND STRUCTURAL RELATIONS
In most places the Split Rock formation overlies the White River formation of Oligocene age with a marked erosional unconformity ( fig. 3, loc. 1) . However, at some localities, strata of the White River formation were extensively reworked into the basal deposits of the Split Rock formation-at the beginning of Miocene deposition, and the contact is hard to pick.
Rachou 2 described a locality estimated to be in sec. 30, T. 32 N., R. 87 W. (fig. 3, loc. 4 (Pipiringos, 1955; Love and others, 1955) . The Split Rock formation is preserved on and adjacent to the Granite Mountains ( fig. 2) because it was folded into a broad asymmetric syncline, here named the Split Rock syncline. This downfold is more than 70 miles long, 30 miles wide, and has a maximum structural relief of about 3,000 feet. The south flank is the steeper. Both sides of the syncline are downdropped along normal faults, several of which are more than 20 miles long and have a few hundred to more than 1,000 feet of displacement.
AGE AND CORRELATION
The lower porous sandstone sequence is of early Miocene age and is equivalent to the Gering sandstone in the lower part of the Arikaree group of Nebraska. Rocks of this age have been found in the Wheatland area ( fig. 1 , loc. F) of eastern Wyoming (L. W. McGrew, oral communication, 1960) .
The vertebrate fossils from the upper porous sandstone sequence are of middle Miocene age and correlate with part of the Hemingford group (Lugn, 1938) of Nebraska. This part of the Split Rock formation correlates with strata containing a similar fauna in the Saratoga area ( fig. 1 , loc. C) 85 miles south-southeast of Split Rock and with at least part of the Browns Park formation, in the Maybell, Colo. area, 130 miles to the south-southwest (McGrew, 1951, p. 54-57; 1953, p. 61-64; Montague, 1954 Montague, , p. 1384 . The Maybell area is 50 miles southeast of the type locality of the Browns Park formation.
It is possible that rocks of late Miocene age may be present in the southeastern part of the Split Rock area where the formation is nearly 3,000 feet thick. In the syncline south of the Continental fault system, Bell * reports Blastomeryx sp. and several teeth of an artiodactyl from the lower 150 feet of the Split Rock formation. P. O. McGrew (oral communication, 1959) says the artiodactyl is a camel similar to one he has collected from the Marsland formation of middle Miocene age in eastern Wyoming.
The Colter formation in Jackson Hole ( fig. 1 , loc. E), 180 miles northwest of Split Rock, is 7,000 feet thick, coarse grained, and consists chiefly of locally derived basaltic and andesitic volcanic debris (Love, 1956 (Love, , p. 1904 (Love, -1907 . Middle Miocene vertebrate fossils were found 4,150 feet below the top of this formation. Volcanic vents in Jackson Hole may have furnished a large amount of the volcanic material in middle Miocene rocks farther east in Wyoming, inasmuch as the composition is very similar to that in the Split Rock formation (Houston, 1956, p. 136-137) .
MOONSTONE FORMATION

NAME AND DEFINITION
A new name, Moonstone formation, is here used for a thick sequence of very soft white to brown claystone, shale, and tuffaceous sandstone and lesser amounts of limestone, conglomerate, and pumicite of Pliocene age. The Moonstone formation overlies the Split Rock formation with a slight angular unconformity. No rocks younger than the Moonstone are present in the type area. The formation derives its name from the Moonstone, a smooth monolith of Precambrian granite, against the steep face of which strata of the Moonstone formation were deposited. The Moonstone is located in sec. 32, T. 30 K, R. 89 W., Natrona County, Wyo., about 4 miles north of Split Rock, and is shown on the topographic sheet of the Lankin Dome quadrangle (fig. 2) . The type section of the Moonstone formation extends from the SW^4 sec. 4, T. 30 N., R. 89 W. (fig. 3, loc. 12; fig. 5 .5), southward to the stratigraphically highest bed in Vice Pocket, NE^NEi^SE^ sec. 33, T. 30 N., R. 89 W. (fig. 3, loc. 13) .
Strata comprising the Moonstone and Split Rock formations were described as Pliocene by Endlich (1879, p. 112-113) . His description, although generalized, is remarkably accurate. Subsequent to 1879, except for one publication (Love and others, 1955) in which the strata were identified as Pliocene and Miocene rocks, beds assigned to the Moonstone formation were considered part of the White River formation, or called Miocene rocks, undifferentiated.
The description that follows is based entirely on surface observations. The deepest well to penetrate the Moonstone formation is a water well 300 feet deep, from which no drill cuttings were collected. 47. Conglomerate, brownish-gray, with boulders commonly less than 1 ft in diameter; boulders in upper half are chiefly of black Precambrian igneous and metamorphic rocks in an arkose matrix; in lower half deeply weathered granite boulders are more abundant___________________________ 50
1-26 CONTRIBUTIONS TO GENERAL GEOLOGY
Type section of Moonstone formation (fig. 3, Iocs. 12 and 13; fig. 5B grades up to greenish-drab tuffaceous sandstone; grain size averages about %o in., but some fragments of granite and black Precambrian rocks are 6 in. in diameter_________ 27 40. Limestone, brownish-gray, hard, sandy, lenticular; lenses out northward; grades up into overlying unit; contains abundant small irregular masses resembling algal growths 1. 5 39. Sandstone; lower half is brown and gray, fine grained, noncalcareous and forms cliff; upper half is pale greenish-gray with thin siliceous layers; thin bedded to crossbedded; abundant small (1-in. or smaller) nodules with concentric layers; some coarse-grained arkosic sandstone lenses; about middle is a 10-ft lens of greenish-white tuff that has been licked and gnawed by horses and rodents; upper 16 ft has brown-weathering heavy concretions as much as 1 ft in diameter_____________________ _ 98 38. Tuff, white to light-gray, very soft, light-weight, silty, sandy; numerous layers and nodules of chalcedony that are chalky white on outside and green on inside___ _ _ 12 37. Tuff, rusty-brown to olive-drab, soft, light-weight, sandy, abundant glass shards, subangular quartz and plagioclase grains. 6 36. Sandstone, white to light-gray in lower 8 ft, grading up to light rusty brown; forms ragged ledges; conspicuous white zone at base; fine grained ; angular grains; some glass shards; brown limy concretions 1 to 3 ft in diameter; abundant small nodules; very tuffaceous near top___________________ 24 35. Sandstone, buff, evenly bedded to crossbedded, fine-grained except for some arkosic conglomerate at base; abundant chalcedonic nodules at top; large brown limy concretions 1 to 3 ft in diameter in middle; some layers composed almost entirely of sandstone nodules % in. in diameter__________ 50
Type section of Moonstone formation (fig. 3, Iocs. 12 and 13; fig. 5B ) Continued Feet Moonstone formation Continued 34. Tuff, white, soft; numerous brown chalcedony nodules; forms conspicuous white stripe on both, sides of spur at northeast margin of Vice Pocket; some gnarled stumps of silicified wood as much as 3 ft long and 1 ft thick; abundant bulbous masses with radial internal structures of unknown origin; also tabular masses with rows of angular pits of unknown origin 13 33. Tuff, buff, with some gray beds in middle, soft except for brown slabby layer 1 ft thick at top, which contains spectacular bulbous masses with radial internal structure of undetermined origin _________________________ _ 7 32. Sandstone, rusty-brown, fine-to medium-grained, crossbedded, light-weight; abundant glass shards in upper part; lenticular arkosic conglomerate at top; forms lowest ragged ledge on spur at northeast margin of Vice Pocket _____ 1H 31. Sandstone and tuff, brown; breaks up into small irregular porous nodules; entire unit contains bulbous masses with radial internal structure_________ _ _ 10 30. Tuff, gray, soft, finely nodular, with brown tuff nodules and abundant gray to brown smooth flattened small chalcedony nodules______________________________ 6 29. Tuff, greenish-gray, brown-weathering, siliceous, very hard, very fine grained, with ropy appearance like a lava flow; numerous euhedral crystal cavities; many pink and white soft tuff inclusions ; litters surface with irregular fragments__ _ 3 28. Tuff, gray, soft, with numerous small brown nodules-___ 6 27. Tuff, light-gray, nodular, soft, with some thin gray laminated silty limestone partings and dense hard pinkish-gray limestone concretions as much as 3 ft in diameter; at top is a zone of bulbous masses as much as 3 ft in diameter with internal radial structure___________________ _ 15 26. Tuff or tuffaceous sandstone; forms only a weak ledge on north side of White Ridge (ctr S% sec. 17, T. 30 N., R. 89 W.) but makes the most conspicuous ledge on the south side; unit is a contorted mass of large and small bulbous structures 5 to 10 ft in diameter ( fig. QA) , consisting of porous soft lightweight rock with radial structure; abundant glass shards and fine sand grains; rock analysis given in The Moonstone formation has a known outcrop area of about 60 square miles. It was deposited around high steep-sided granite knobs comprising the partly buried crest of the Granite Mountains. These granite knobs have somewhat protected the less resistant sedimentary rocks from Recent erosion in the area of the type section ( fig. 55 ). Additional small remnants not shown on figure 2 are similarly preserved in other localities farther east in the Granite Mountains. Possibly some claystone along the trough line of the Split Kock syn-cline 20 miles southeast of Split Rock may be part of the Moonstone formation. The type section, 1,356 feet thick, is the thickest remnant of the formation.
LITHOLOGY
The lithology of the Moonstone formation is given in the description of the type section. Along the southwest margin of outcrop, where the basal arkosic beds are better exposed than in the measured section, distinctive brown and gray translucent waterworn agates are abundant. These agate pebbles were apparently derived from the underlying Split Rock formation and are associated with silicified wood and unidentifiable fragments of mammal leg bones.
About a mile west of the type section the lower 500 feet of the formation contains some remarkable agate-pebble "reefs" that crop out in low ledges extending for a mile or more. Most of the agates are brown and translucent without manganese dendrites, but some "moss agates" are present. Only a few agates are radioactive. The agates range from y± inch to 1% inches in diameter; many are rounded but some 'are angular. Most seem to have been formed in place in a tuffaceous sandstone matrix. Some bedded chalcedony occurs with the agates.
Conspicuous brown cliff-forming beds are present in the middle part of the Moonstone formation. These contain bulbous masses of sandy tuffaceous rocks as large as 10 feet ( fig. 6A) , with spongy texture and radial internal structures. Richard Rezak (written communication, 1957) says these contain poorly preserved vegetative structures of chara. Table 3 shows two analyses of this rock (lab. Nos. 147343 and 147344). Euhedral crystal molds, from which some soluble mineral, possibly an evaporite salt, was leached, are abundant at several horizons within these beds.
The sandstone beds are characterized by angular grains of quartz and feldspar, some of wrhich were derived from adjacent granites of Precambrian age. However, many of the grains are fresh-appearing oligoclase or sodic andesine similar to the feldspars in Tertiary volcanic rocks in northwestern Wyoming. Many of the quartz grains do not have the strain shadows characteristic of Precambrian quartz in this area. Red-brown biotite and green biotite are common. Orthopyroxene, augite, and oxyhornblende are present in some thin sections but are rarely abundant. Glass shards may be pink or colorless, needle shaped, rectangular, or sickle shaped, and are common to abundant in every thin section studied. A few sandstone beds contain rounded frosted quartz grains similar to those in the Split Rock formation. Tiny rounded magnetite grains so common in the Split Rock formation are sparse in the Moonstone. Within one of the sandstone units (unit 39 of the type section) is a 10-foot thick lens of greenish-white tuff that has been extensively licked and gnawed by horses, game animals, and rodents. An analysis of this rock shows 0.54 percent sodium and 0.94 percent chlorine.
Most of the strata in the middle third of the formation apparently were deposited in and along the margins of a lake which, at times, was shallow and alkaline. The size and shape of this lake, here called Moonstone Lake, are not known, but it certainly covered more than 50 square miles and probably extended throughout a much larger area. It persisted during the deposition of at least 500 feet of strata, thus suggesting that the Granite Mountains continued to sink along the trough line of the Split Rock syncline. If this interpretation is correct, the lake probably had an areal extent of several hundred square miles along the present site of the syncline.
A distinctive sequence of white shale (units 17-21, type section), about 60 feet thick, was deposited in Moonstone Lake, about 800 feet above the base of the formation. The shale is laminated, light weight, and extremely fissile ( fig. 6B) . Glass shards are abundant in the coarser-grained laminae. Individual beds 3 to 6 inches thick within the shale can be recognized throughout an area of 3 or more square miles, so conditions at the time of deposition of these beds must have been quiescent. Thicker white shale beds can be recognized throughout the White Eidge area ( fig. 5Z?) . Some contain significant quantities of uranium.
Contemporaneous with deposition of the white shale was the growth of 5 or more "reefs" of algal limestone. Eroded remnants of these range in size from 1,000 feet in diameter and 20 feet in thickness to 60 feet in diameter and 3 feet in thickness. The limestone is coarsely crystalline, gray, spongy, and soft. Some of it is structureless; other parts show crinkled bedding and outlines of barrel-shaped masses several feet in diameter. Four of these "reefs" contain uranium and (or) thorium.
ANALYTICAL DATA
Sieve analyses of 7 random samples of tuffaceous sandstone show that 85 percent of the sandstone is in the size range 0.050 mm to 0.25 mm, distributed as shown below. Specific gravity of these sandstone samples averages 1.98. Two water wells have been drilled in the Moonstone formation. Water from these wells and from two springs adjacent to granite knobs were analyzed for uranium. The water contains an average of 28 parts per billion uranium, more than 3 times as much as the average for water in the underlying Split Rock formation.
Seven layers in the middle part of the Moonstone formation contain uranium that is considered by the writer to be syngenetic. Selected specimens of the most radioactive parts of these layers have a uranium content that ranges from 0.003 percent to 0.025 percent. The uranium is present in a variety of rock types such as white shale, (fig. QB) white clay stone, relatively pure algal limestone, and brown and greenish-white tuff. The uranium-bearing layers range in thickness from 1 inch to several feet. None of the samples contains as much as 1 percent P2O5.
The abnormally high uranium content of the rocks and water of the Moonstone formation suggests that a considerable amount of the uranium in the Gas Hills area 10 miles to the north and in the Crooks Gap area 15 miles to the southwest ( fig. 2 ) may have been leached from the Moonstone formation before it was removed by erosion from these places.
Five samples of radioactive algal limestone from the middle part of the formation (fig. 3 , loc. 19) contain 0.11, 0.088, 0.14, 0.16, and 0.054 percent Th.232 J. N. Rosholt (written communication, 1958) states that one sample of the limestone contains about 3 percent insoluble material which, when separated, contains 4.75 percent thorium. An unnamed thorium mineral has been isolated (J. R. Dooley, Jr., oral communication, 1960 ) from samples of this limestone.
Salt licks and crystal molds of an unknown soluble mineral are present in several parts of the Moonstone formation. Some of the sodium salts in the "soda lakes" adjacent to outcrops of the Moonstone formation (fig. 3 , Iocs. 8, 9, and 11) may have been leached from this formation.
STRATIGRAPHIC AND STRUCTURAL RELATIONS
The Moonstone formation is in contact with Precambrian rocks and with the Split Rock formation. The Precambrian surface on which the Moonstone formation was deposited was mountainous. In the type area of the formation, many granite peaks have a relief of 1,000 feet or more in a horizontal distance of 14 to */& mile ( fig. The present topography on the grainte in the Granite Mountains is about the same as it was at the time the Moonstone formation was being deposited.
In areas where both the Split Rock and Moonstone formations are present, the basal beds of the Moonstone were deposited in shallow channels cut in the underlying Split Rock. Contact relief is rarely more than 50 feet in a horizontal distance of 300 feet. The Moonstone formation dips about 1° to 2° SSW., whereas the underlying Split Rock formation dips about 2° to 4° SSE. The slight divergence of average strike and the lesser dip in the Moonstone formation suggest that downwarping of the Split Rock syncline was in progress before deposition of the Moonstone formation began.
AGE AND CORRELATION
The Pliocene age of the Moonstone formation is based on diatom assemblages collected about 800 feet above the base of the formation at several localities (table 2) . Concerning these assemblages, K. E. Lohman (written communication, 1959) 
says:
Five extinct species * * * have been named and described in my manuscript of the Cenozoic nonmarine diatoms from the Great Basin. Anomoeoneis sp. A has been found previously only in the Esmeralda formation of early Pliocene age in Nevada. The remaining four extinct species have known geologic ranges of late middle Miocene to middle Pliocene. _ With the exception of the 5 extinct species, all others are still represented in living assemblages elsewhere, although nearly all have known geologic ranges from various parts of the Late Tertiary to Recent. Ten of these species have known geologic ranges of late Middle Miocene to Recent, 4 have ranges of middle Pliocene to Recent. Based upon this somewhat conflicting evidence, the best age assignment that can be made is approximately early to middle Pliocene. When present studies of the diatoms from the middle Pliocene Teewinot formation are completed, a comparison of the two assemblages may sharpen this assignment.
All of the diatoms in this assemblage are fresh-water lacustrine temperate species, although a few of them can also live in saline nonmarine waters. Both bottom-dwelling and pelagic species are present and this, coupled with the presence of large amounts of clastic material and volcanic glass, suggests that the lake was shallow and turbid.
The basal conglomerate contains unidentifiable fragments of large mammal leg bones. At about the middle of the Moonstone formation (approximate stratigraphic equivalent of unit 15, type section) in the NWi4NW% sec. 30, T. 30 N., R. 89 W. (fig. 3, loc. 18) , is a zone of white to light-gray tuffaceous sandstone 10 to 30 feet thick that contains sparse mammal bones and teeth. One distal end of a camel id cannon bone was found. G. E. Lewis (written communication, 1958) says: "Morphologically, it can be duplicated in the corresponding part of several late Miocene and Pliocene genera of camels." Several small teeth were collected from anthills in this same locality and zone. They were examined by R. W. Wilson (written communication, 1959) , who identified the following items: a fourth upper premolar of an entoptychine rodent, fragment of a tooth of a geomoid rodent, incisors of at least 3 kinds of rodents, and tooth enamel of a small unidentifiable ungulate (?). These were not sufficiently diagnostic to be used in age determination.
Pollen from the middle of the formation were identified by E. B. Leopold (written communication, 1958) as belonging to various Compositae, Artemisia, Pinus, Tsuga cf. T. heterophyUa, Picea, Sarcol>atus, Vermiculatus, cf. Ostrya, Zelkova, and Betula. These indicate only a Miocene or Pliocene, age.
Fossil wood is abundant in several layers near the middle, and also a few hundred feet above the middle of the formation, but most of it is so completely silicified that identification is difficult. R. A. Scott (written communication, 1958) identified conifers, Zelkova, and a woody climbing vine.
No specific correlations with Pliocene rocks in eastern (fig. 1, Iocs. Gr and H) or northwestern ( fig. 1 , loc. E) Wyoming can be made with assurance on the basis of the known fossils, but inasmuch as many fossil types are present, it is likely that additional search will yield diagnostic material.
